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Abstract. A sizable excess with respect to the SM expectation has been reported recently
by the BaBar collaboration in the decay rates B → D(∗)τν, normalized by the corresponding
light lepton modes. A violation of lepton flavor universality as suggested by this excess could
be due to a charged Higgs mediating these processes at tree level. In this talk we analyze
the implications of the observed excess within the framework of two-Higgs-doublet models,
considering also the bounds from other semileptonic and leptonic decays of B and D(s) mesons.
Prospects for B → D(∗)τν decays at future Super-Flavor Factories are also discussed.
1. Introduction
The hypothesis that a scalar sector in nature is behind the origin of particle masses (or the
mechanism of spontaneous electroweak symmetry breaking) is starting to look even more
plausible since the discovery of a new boson by the ATLAS and CMS collaborations with
characteristics resembling those of the Standard Model (SM) Higgs boson [1,2]. The SM scalar
sector is composed of one doublet of complex scalar fields, containing in total four real degrees
of freedom; three of them give mass to the W± and Z bosons, while the remaining real field
becomes a physical scalar, the Higgs boson. In the SM the fermions also acquire their masses
from the spontaneous breaking of the electroweak symmetry due to their interactions with the
Higgs.
There is nothing fundamental a priori, however, preventing the scalar sector to have a richer
structure, for example that of a Two-Higgs-Doublet Model (2HDM), where two doublets of
complex scalar fields are responsible for the breaking of the electroweak symmetry. The physical
scalar spectrum includes in this case three neutral bosons and one charged scalar particle. The
boson discovered at the LHC could be in principle any of the three neutral bosons of a 2HDM.
The BaBar collaboration has recently reported an excess of events in two semileptonic
transitions of the type b→ c τντ . More specifically, they have measured the ratios [3]
R(D) ≡ Br(B¯ → Dτ
−ν¯τ )
Br(B¯ → D`−ν¯`)
BaBar
= 0.440± 0.058± 0.042 avg.= 0.438± 0.056 ,
R(D∗) ≡ Br(B¯ → D
∗τ−ν¯τ )
Br(B¯ → D∗`−ν¯`)
BaBar
= 0.332± 0.024± 0.018 avg.= 0.354± 0.026 , (1)
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which are normalized to the corresponding decays into light leptons ` = e, µ. The second value
given in each line is the average with the previous measurements by the Belle collaboration [4,5].
The decays B → D(∗)τν involve the heaviest fermions that can be directly produced at
flavor factories and constitute a well-suited place to look for new physics effects related to
the mechanism of electroweak symmetry breaking. A charged Higgs arising from a 2HDM can
in principle cause significant deviations from the SM in semileptonic and leptonic decays where
it enters at tree level. Moreover, a charged Higgs leads naturally to violations of lepton flavor
universality due to the characteristic mass dependence of its couplings to fermions. Interestingly,
a charged Higgs boson could also produce an enhancement in the di-photon decay of the neutral
Higgs, as currently observed by the ATLAS and CMS collaborations [1, 2].
In this talk we are mainly interested in addressing two questions:
A) What is the required flavor structure for a 2HDM in order to accommodate the observed
excess in R(D(∗)), as well as other measured semileptonic and leptonic decays of B and D(s)
mesons?
B) How can we discriminate between different new physics scenarios that can explain the excess
in R(D) and R(D∗)?
To answer the first question, we analyze in Section 2 the bounds on the charged Higgs
couplings from different semileptonic and leptonic decays where the charged Higgs contribution
enters at tree level. The second question is considered in Section 3, where we study the effect of
charged scalar contributions in new observables involving angular distributions, polarizations of
the final τ and D∗ meson, as well as the momentum-transfer dependence. Our discussion will
be focused on results presented in [6, 7]. These questions have also been addressed recently by
different authors [8–16].
2. Explaining the excess within the 2HDM
Four-fermion interactions mediated by a charged scalar are described by the Lagrangian
Leff = −4GF√
2
∑
q=u,c
Vqb
∑
l=e,µ,τ
{
[q¯γµPLb]
[
l¯γµPLνl
]
+
[
q¯
(
gqblL PL + gqblR PR
)
b
] [
l¯PLνl
]}
,
(2)
as long as the charged Higgs is heavy enough to be integrated out. This is a very good
approximation, given that direct searches at LEP for charged Higgs bosons have set the lower
limit mH± & 80 GeV [17], assuming that it couples to fermions. In Equation (2), Vqb refers to
the corresponding element of the CKM mixing matrix, GF is the Fermi constant and PL,R are
the left- and right-handed chiral projectors, respectively. The couplings of the charged Higgs
to fermions are contained in the dimensionless parameters gqblL and g
qbl
R , which depend on the
assumed Yukawa structure of the 2HDM. In the following we will treat them as independent
complex quantities to keep the discussion as general as possible. Explicit expressions for gqblL and
gqblR in terms of the general parametrization of the Aligned 2HDM (A2HDM) [18] are provided
in [7]. The different types of 2HDMs based on discrete Z2 symmetries can be obtained as
particular limits of this parametrization.
Due to the different spins of the D and D∗ mesons, the parameters gqblL and g
qbl
R appear in
different linear combinations in R(D) and R(D∗),
δlcb ≡
(gcblL + g
cbl
R )(mB −mD)2
ml(mb −mc) , ∆
l
qb =
(gqblL − gqblR )m2B
ml(mb +mq)
. (3)
R(D) depends only on the scalar combination δlcb while R(D
∗) only depends on the pseudo-
scalar one ∆lqb [7]. In versions of the 2HDM were the fermionic charged Higgs couplings are
Table 1. Predictions within the SM for the various semileptonic and leptonic decays considered
in this work, together with their corresponding experimental values. The first uncertainty given always
corresponds to the statistical error, and the second, when given, to the theoretical one.
Observable SM Prediction Exp. Value
R(D) 0.296+0.008−0.006 ± 0.015 0.438± 0.056
R(D∗) 0.252± 0.002± 0.003 0.354± 0.026
Br(B → τντ ) (0.79+0.06−0.04 ± 0.08)× 10−4 (1.15± 0.23)× 10−4
Br(Ds → τντ ) (5.18± 0.08± 0.17)× 10−2 (5.54± 0.24)× 10−2
Br(Ds → µν) (5.31± 0.09± 0.17)× 10−3 (5.54± 0.24)× 10−3
Br(D → µν) (4.11+0.06−0.05 ± 0.27)× 10−4 (3.76± 0.18)× 10−4
Γ(K → µν)/Γ(pi → µν) 1.333± 0.004± 0.026 1.337± 0.003
Γ(τ → Kντ )/Γ(τ → piντ ) (6.56± 0.02± 0.15)× 10−2 (6.46± 0.10)× 10−2
proportional to fermion masses and the proportionality factor is the same for all families (family
universality), the following relations hold:
gquqdlL
g
q′uq′dl′
L
=
mquml
mq′uml′
,
gquqdlR
g
q′uq′dl′
R
=
mqdml
mq′dml
′
. (4)
The Aligned Two-Higgs doublet model as well as the different types of 2HDMs based on discrete
Z2 symmetries (Types I, II, X and Y) belong to this class of models [19]. To analyze possible
deviations of the hypothesis of family universality in the context of 2HDMs we consider three
scenarios with different flavor structures:
• Scenario 1: The Yukawa couplings gquqdlL,R are assumed to be independent for the different
transitions (b→ u, c ; c→ d . . .). We therefore fit only R(D) and R(D∗).
• Scenario 2: We assume that the hypothesis of family universality (4) holds for qd = b and
any up-type quark. The charged scalar contribution to b → c and b → u transitions are
then related. In this case we consider the bounds from R(D(∗)) and Br(B → τν).
• Scenario 3: The hypothesis of family universality (4) is assumed to hold for all quark
generations. In this case we consider in the fit all observables in Table 1 except for R(D∗).
If R(D∗) is included in the fit no allowed region is found at 95% CL.
Experimental values and SM predictions for the different observables used are listed in Table 1 [7].
In Figure 1 we show 95% CL allowed regions in the parameters δlcb and ∆
l
cb for the three scenarios.
We can now give an answer to question A.
All B decays, R(D(∗)) and B → τντ , can be accommodated within a general 2HDM with
family universality for qd = b and any up-type quark; i.e. in scenarios 1 and 2. However this is
not possible in the usual Type II 2HDM; a more general flavor structure is needed in which the
charged scalar couplings to up-type quarks are not as suppressed [7].
It is not possible to accommodate all the observables in Table 1 simultaneously in a 2HDM
with family universality between all fermion generations (scenario 3). Since charged scalar
contributions to R(D∗) are subdominant compared with the vector contributions, large Yukawa
couplings are required to explain the observed excess in R(D∗), thus generating a tension with
present bounds from D(s) leptonic decays. If R(D
∗) is not considered in the fit, all observables
can be accommodated within the family universal A2HDM. Should the present measurement
be confirmed, a departure from the hypothesis of flavor universality is therefore needed in order
to account for all semileptonic and leptonic decays of B and D(s) mesons. Bounds from loop-
induced processes discussed in [6], also point towards a violation of family universality in the
coupling with the top quark, once the present excess in R(D(∗)) is considered [7].
Figure 1. Allowed regions in the R(D)–R(D∗) (left), complex δlcb (center) and ∆
l
cb (right) planes at
95% CL, corresponding to the three different scenarios. See text for details.
3. Sensitivity of new observables to charged scalar contributions
Using only measurements of branching fractions, it is not possible to disentangle charged scalar
contributions inB → D(∗)τν from other kinds of new physics. However, B → D(∗)τν decays have
a rich three-body kinematics and spin structure in the final state that has not been exploited so
far. Several observables involving angular distributions, polarization fractions and momentum-
transfer dependence, would provide, if measured, crucial information to discriminate between
different new physics scenarios and clarify the possible role of charged scalar contributions in
these processes [8, 10–12,14,20–24].
One way to test the observed excess in R(D∗) would be to measure the leptonic decay
Bc → τν, which has the same flavor structure b→ cτντ and is sensitive to the same combination
of Yukawa couplings. Including the charged scalar contribution, the decay width is given by
Γ(Bc → τντ ) = G2Fm2τf2Bc |Vcb|2
mBc
8pi
(
1− m
2
τ
m2Bc
)2
|1−∆τcb|2 , (5)
where fBc is the Bc leptonic decay constant. Recent Lattice QCD calculations find fBc =
0.427(6)(2) GeV, giving the SM prediction Br(Bc → τν) = 0.0194(18) [25]. Large enhancements
of Br(Bc → τν) should be observed in principle if the current excess in R(D∗) is due to charged
scalar contributions.
Information about the momentum-transfer distributions of R(D) and R(D∗),
RD(∗)(q
2) =
dBr(B¯ → D(∗)τ−ν¯τ )/dq2
dBr(B¯ → D(∗)`−ν¯`)/dq2
, (6)
would be very useful to determine what kind of new physics could be responsible for the observed
excess. In Figure 2 we show the predictions for the q2 distributions in the SM and the three
scenarios considered in the previous section. Given that charged scalars do not not affect helicity
amplitudes with transversely polarized D∗ mesons, the measurement of these distributions for
longitudinally polarized D∗ may provide a better sensitivity to scalar effects
R∗L(q
2) =
dΓLτ /dq
2
dΓL` /dq
2
. (7)
A charged Higgs mediating B → D(∗)τν decays would also have an effect on the polarization
of the final τ lepton. In the SM, the W− couples exclusively to left-handed τ− while a charged
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Figure 2. The q2 dependence of the ratios RD(∗)(q
2), both within the SM (gray) as well as in
scenarios 1 (red), 2 (orange), and 3 (yellow). The 95% CL allowed regions are obtained with the
corresponding experimental constraints exerted for the three different scenarios, and with the hadronic
uncertainties added in quadrature for the SM. The five-binned distribution for RD(q
2) in the SM is also
shown.
Table 2. Predictions for the q2-integrated observables both within the SM and in the different scenarios.
Observable SM Prediction Scenario 1 Scenario 2 Scenario 3
RL(D
∗) 0.115± 0.001± 0.003 0.217± 0.026 0.223+0.013−0.026 ± 0.006 0.104+0.006−0.003 ± 0.003
Aλ(D) −0.304± 0.001± 0.035 −0.55+0.10−0.04 −0.55+0.09−0.04 −0.55+0.09−0.04 ± 0.01
Aλ(D
∗) 0.502+0.005−0.006 ± 0.017 0.06+0.10−0.06 0.04+0.10−0.03 ± 0.01 0.57+0.04−0.02 ± 0.02
Aθ(D) 0.3602
+0.0006
−0.0007 ± 0.0022 0.03+0.01−0.00 ± 0.30 −0.21+0.13−0.00 ± 0.06 0.36+0.01−0.09
†
Aθ(D
∗) −0.066± 0.006± 0.009 −0.136+0.012−0.003 ± 0.222 0.081+0.008−0.059 ± 0.009 −0.146+0.039−0.017 ± 0.021
Higgs H− couples to right-handed τ−. Due to their short lifetime, τ leptons decay within the
detector and their polarization can be determined by analyzing the kinematics of the decay
products. One could measure a τ spin asymmetry defined in the τ -ν¯τ center-of-mass frame as
AD
(∗)
λ (q
2) =
dΓD
(∗)
[λτ = −1/2]/dq2 − dΓD(∗) [λτ = +1/2]/dq2
dΓD
(∗)
[λτ = −1/2]/dq2 + dΓD(∗) [λτ = +1/2]/dq2
. (8)
Angular distributions are also sensitive to the Dirac structure of possible new physics mediating
b → cτν transitions. A useful observable is the forward-backward asymmetry, defined as the
difference of partial decay rates with the angle θ between the D(∗) and τ three-momenta in the
τ -ν¯τ center-of-mass frame greater or smaller than pi/2:
AD
(∗)
θ (q
2) =
∫ 0
−1 d cos θ (d
2ΓD
(∗)
τ /dq
2d cos θ)− ∫ 10 d cos θ (d2ΓD(∗)τ /dq2d cos θ)
dΓD
(∗)
τ /dq
2
. (9)
In Table 2 we show predictions for the observables discussed previously in the SM as well as in
the three scenarios considered. Correlations between the different observables can be observed
in Figure 3.
An unambiguous way to test the hypothesis of a charged scalar mediating B semileptonic
decays is to look for observables that are independent of such contributions. A deviation of
these observables from the SM prediction could then only be attributed to new physics different
Figure 3. In the upper panel we show the prediction for Aθ(D(∗)) vs. Aλ(D(∗)) for the SM (gray),
and the three scenarios (1-red, 2-orange, 3-yellow), from a global fit including all appropriate observables.
In the lower panel we show the predictions for Aλ(D
∗) vs. RL(D∗).
from a charged scalar. One such observable is the ratio of leptonic B decay rates into τ and µ,
Br(B → τν)
Br(B → µν) =
m2τ
m2µ
(
1−m2τ/m2B
1−m2µ/m2B
)2
, (10)
which is valid for Bu and Bc. Some combinations of observables that are insensitive to charged
scalar contributions in B → D(∗)τντ transitions were defined in [7]:
X1(q
2) ≡ RD∗(q2)−R∗L(q2) , XD
(∗)
2 (q
2) ≡ RD(∗)(q2)
[
AD
(∗)
λ (q
2) + 1
]
. (11)
4. Summary
B → D(∗)τν decays are an excellent laboratory to look for new physics effects related to the
mechanism of electroweak symmetry breaking. They involve the heaviest fermions that can be
directly produced at flavor factories. They also possess a rich three-body kinematics and spin
structure that could be fully exploited at future Super-Flavor Factories, providing important
information about possible new physics mediating these transitions.
In this talk we presented an analysis of charged scalar contributions to these processes and
then derived some implications for the flavor structure of 2HDMs in order to explain the excess
observed by BaBar [3]. We showed that, in contrast to the 2HDMs with Z2 symmetry, the
A2HDM can explain the present data on R(D(∗)) and B → τν, but that the excess observed in
R(D∗) is not compatible with current bounds from leptonic D(s) decays within this framework.
If the present excess in B → D(∗)τν is confirmed, it will be necessary to consider a departure
from the family universality of the Yukawa couplings in order to accommodate all data from B
and D(s) decays within the framework of 2HDMs.
New theoretical developments on the calculation of the hadronic matrix elements would
improve our knowledge of the SM prediction for these decays and shed light on a possible new-
physics interpretation of the observed excess; for recent work on the determination of B → D
hadronic matrix elements, see [26, 27]. Certainly new Belle measurements are needed to clarify
this puzzle. Preliminary efforts to measure this decays at LHCb have already been done [28].
We have also discussed new observables in b→ cτν transitions that could be measured at future
Super-Flavor factories and test the presence of charged scalars mediating these decays; these
involve angular distributions, polarization of τ and D∗ as well as the q2 dependence.
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